Abstract. The gravitational wave detector VIRGO is in the final commissioning phase and some preliminary data has already been acquired. The aim of VIRGO is to directly detect gravitational waves emitted by compact objects at the time of coalescence and by other astrophysical sources. Here we report on the present sensitivity for detecting these sources and what we will achieve in the near future. We also discuss some details of our data analysis methods and we show some preliminary results related to the fraction of the Universe that we can observe.
INTRODUCTION
Einstein's Theory of General Relativity predicted the existence of gravitational waves (GW) in 1916. In the weak field approximation Einstein equation's can be linearized, admitting wave-like solutions, corresponding to weak, transverse waves, propagating in vacuum with the speed of light [1] . It is possible write a general GW solution, as the sum of two components h μν = ah + + bh × , where h + and h × are the two possible polarization state.
Up to now, GW have not been directly detected. But there are many indirect pieces of evidence that confirm the existence of these waves, most notably, the observation of the binary pulsar PSR 1913+16 [2] ; the Nobel Prize was awarded in 1993 for the discovery of this binary neutron star system. . This system loses orbital energy in perfect agreement with the theory of general relativity, which predicts energy loss via GW emission.
In order to demonstrate directly the existence of GW, we need an experimental apparatus that we call a "gravitational wave antenna". The gravitational field weakly interacts with the matter, and this is the main problem to address. Moreover, it seems impossible to create on Earth a source of such GW signals, strong enough to be detected by any realizable experiment. Therefore, we have to move our attention to very massive and dense systems with asymmetric mass distributions, moving at near-relativistic speeds. Only since the early 1990s have physicists believed that technology is at the point where direct detection of gravitational waves is possible 1 .
GRAVITATIONAL WAVES AND INTERFEROMETRIC GW DETECTORS
In considering gravitational waves effect on free masses, we start by examining figure 1.
We show an ideal circular mass distribution centered on a Michelson interferometer. A If a GW is acting on the system, coming from an orthogonal direction with respect to the plane containing the interferometer, it produces a deformation in such a way that the two arm lengths change asymmetrically. This is seen by the beams traveling between the mirrors as a change in the interference condition. In this way we can measure the displacement ΔL of the test masses by monitoring the interference pattern. Given the dimensionless GW amplitude h, we can write: h/2 ≈ ΔL L . This implies that the longer the interferometer arms L are, the better sensitivity we can reach. Hence, in this configuration the Michelson interferometer can be used as GW detector, fitting well the gravitational wave action on free masses.
Virgo Detector
VIRGO (http://www.virgo.infn.it) is a 3 kilometer interferometer built through a French-Italian collaboration, located in Cascina near Pisa, Italy (see figure  2 ) [4] . It has been funded by the French CNRS (Centre National de la Recherche Scientifique) and the Italian INFN (Istituto Nazionale di Fisica Nucleare). This collaboration involves 11 laboratories and more than 150 scientists. The main goal of the collaboration effort is GW observation at distances up to 15M pc, corresponding the Virgo cluster. From there binary inspiral events with a GW amplitude of h ≈ 10 −21 − 10 −22 1/ √ Hz can be expected.
The technologies implemented in this experiment permit to one realize one of the most promising GW detectors based on Michelson interferometer. It is capable of achieving displacement measurement accuracy at least of the order of 10 −18 m, maintaining the quasi-free masses condition for the end-mirrors and reducing any noise contamination as best as possible. The entire interferometer optics are extremely well isolated from the environment, in order to be sensitive to GW. The Italian and French Virgo collaboration have developed advanced techniques with high reflectivity mirrors, mirror suspensions, high power ultra stable lasers, seismic isolation, and alignment control. Inside each interferometer arm is a Fabry-Perot cavity, in order to extend the optical length of each arm up to 120 km.
We use a sensitivity curve to express the interferometer detector capability on measuring displacements at different frequencies. In figure 3 we show the expected theoretical Virgo sensitivity curve and noise contributions. Roughly speaking, we can say that given a gravitational wave signal in the frequency domain, we can extract and use the part of signal falling in the sensitivity curve with lower h values. The Virgo detector has a wide response region, between 24 − 10000Hz.
We can divide noise sources effecting the interferometer sensitivity in two main groups: noise producing disturbances on the mirror position, and interferometer output signal fluctuations. These noise contributions are shown in figure 3 . We can highlight some of these: below 
GRAVITATIONAL WAVE SOURCES
Dynamically different sources emit gravitational waves with distinctive characteristics in the frequency domain. We describe the most important expected sources:
• inspiraling coalescing binary stars The signal emitted by a coalescing binary system is produced by two compact stars, orbiting around each other, in their evolving final phase as distinct objects. Analytical predictions [5] show that these are the most promising sources for GW emission, in particular if we are interested in neutron star/neutron star ( NS/NS) and black hole/black hole (BH/BH) populations. These types of signals are short and theoretically well modeled, characterized by an envelope in frequency and amplitude as the two objects coalesce. The detection algorithm used is the optimal filter, namely a matched filter [6] .
• Burst signal This sporadic signal will be difficult to detect with the first generation of Michelson ground-based detectors. Supernovae core collapse, gamma-ray bursts (NS/NS, BH/NS, hypernovae) and dynamical instabilities in proto-neutron stars could produce these burst signals. These are short-lived and roughly modeled signals.
• Periodic signal are emitted by pulsars. Non asymmetric motion of neutron stars (which can be tracked over many cycles) will produce a periodic signal of gravitational waves. Interestingly, because these motion are so regular and long-lived, the resulting signal is nearly monochromatic. Doppler shifts complicate this analysis due to the earth's motion. The waves can be used to monitor known pulsars, while it is also possible to do searches on the sky to find unknown pulsars.
• Stochastic Signals Similar to the cosmic microwave background and the unprobed cosmic neutrino background, there exists a cosmic gravitational wave background.
VIRGO GRAVITATIONAL WAVE DETECTION
Since coalescing binaries are the most promising sources, we will consider the matched filter algorithm. It essentially compares (correlation) a set of theoretical coalescing binary (CB) reference signals, called templates, with the signal output of the detector. The result of this analysis provide is the probability that similar signals are present in the Virgo data set [7] [8]. This information is proportional to the signal-to-noise ratio (SNR). When the CB signal is strongest, it appears cleaner in the matched filter output. In the analysis procedure we define a threshold SNR level, selecting only events above this value. Detection probability can change respect to many parameters: GW source physical parameters, interferometer-source relative orientation, and interferometer sensitivity. If we look at a reference source signal having defined masses and a specific detector sensitivity, it is possible to estimate the maximum distance at which we can observe such event. We define this distance as the horizon distance (HD), usually expressed in Mpc and representing the far border at which we can make a detection.
Hence, a larger horizon distance corresponds to a better detector sensitivity and a bigger volume of explorable space. In addition, the detection rate probability increases because the number of "observable" sources is statistically higher. Usually for a reference signal, we use the NS/NS pair of 1.41.4M s with an SNR = 8 and optimally oriented with respect to the detector.
The Virgo collaboration has performed many data taking runs in the last few years, in order to measure and verify the interferometer status and improvements. The HD is one of the most important pieces of information about the detector status and performance.
In the 2005, Virgo had big improvements, leading from an average horizon distance of few kpc to 1.2M pc. The highest value was reached during September 2005, when the collaboration had an important run, called C7 [9] . We show in figure 4 the detector performance during this data taking run, using the horizon distance as a measure. It is clear that the HD is not constant, because the Virgo sensitivity changes with time. The interferometer was able to cover the 110.78hours with duty cycle:
• 70% locked • 65% science mode Virgo is now moving to the end of commissioning activities, and this will lead to it achieving its target sensitivity in 2007, for which we will have a HD of approximately 20Mpc. For the first generation of interferometric detectors, theoretical predictions show a detection rate between 1 CB event every 140 years to 1 event CB every 2 years. These predictions are based on population synthesis evolution models, and direct observations. In order to achieve higher event rates, improvements to actual detectors have been planned, and these will be applied in the near future. There are also projects concerning next generation experiments, with significantly better sensitivity, implementing new technological solutions. In order to increase the detection rate, we need to move the horizon distance at least to the Great Attractor. In fact the future Virgo detector, called Virgo Advanced, has a design sensitivity that promises to reach such distances, 120-200Mpc. In this situation, theoretical predictions provide event rates between 1 and 4000 (or more) events per year [10] .
CONCLUSIONS
Presently the commissioning activities on the Virgo detector are in progress, thereby improving the HD. We hope to be close to the design sensitivity in the first half of 2007. In the same year the Virgo collaboration will start long data taking activities, in order to get and exchange simultaneous data with other analogous experiments (e.g. LIGO). This analysis, called network analysis, provides a significant increase in the detection probability [11] . There are other possible coincidence analysis, for example, with astrophysical observations (e.g. gamma ray burst); these events could be associated with a significant gravitational wave source.
Probably the next two years could be full of good news, with the possible first direct observation of gravitational waves.
